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A larze body of evidence links the functional activity of a
reuion of ithe brain to iis metebolic function (1). Therefore, dy

measuring the regional metabolic rate in response to a given

stimeles, it should be possible to map the arca(s) of the brain
activated by that stimulus. The classical technique for the
determination of cerebral metabolism (the Kety-Schmidt techniguz)
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only nrovides a mcasure of average cercebral metabolic rate for

the vhole brain and therefore provides a mecasure of global cere-

-

bral function (2). For cxample, it has beoen shown that in pa-

tients with organic dementia, tolal cerchbral bhlood flow and
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metalbolism are reduced to a degree that correlates well with

ggrce of dementia (3,4). Also, it has been shown that in coma

secordzary to various underlying disorders, cerebral oxygen con-
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sumpticn is decreased (5). Similarly, with the administration ol ; %
cnoesihetic agents, cerebral oxygen nmetabolism decrcases (6). g i
On thke other hand, during a seizure, oxygcﬁ and glucose consumc- ;; ;
tion rise and subsequently decline during the postictal ?%iii g
period (7). %;é%é ;

Using intracarotid administration of xenon-133 and a multicrystail
scintillation camera, it has been possible to measure regional
cerebral bleood flow in response to a variety of sernsory stimuli

(8). Incvecases in regional cerebral blood flow have been demon-

strated in response to somatosensory, visual, and auditory
stimuli.

4
7ith the introduction of the 14C~2—deoxyglucose (l'C-DG) tech- {

nique, for the first time it became possible to measure the rates

of glucose metabolism in specific discrete regions of the brairn

i_ differont states of functional activity (9). This substrat
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ohcsvhorylateé by hexokinase to ]4C-DG—6 phosphate. B cause

~&- P04 is not a substrate for either phosphohexose isomerase
glucosce-6-phcsphate dehydrogenase, it is essentially trapped
the tissue over the time course of the measurcment., A model
s bzsn designed bused on the assumptions of a steady state for
zcese consumption, a first-order cquilibration of the {ree
‘C~-_5 ponl in the tissue with the plasma level, and relative
ras cf phosphorylation of 14C*DG and glucose determined by
their hinetic cconstants for hexokinase rcaction. Using an
cperetional equation based on this model, the metabolic rates of
cluccse are calculated in various reyions of brain (utilizing
brzir slices anc autoradiography). 14C is a becta emitter and .
thereicre not suitable for noninvasive imaging in man.

With th2 synthesis of lsF—Z—deoxy—Z—f1uoro—D—glucose (IBF—DG) all
of the requirements for a suitable radiopﬁarmaceutical for the
cete:rination of local cerebral mctabolism have been met. This
egent -zhaves very similarly to ]4C—DG and therefore, using the
éh-ve Cescribed model and emission tomography, it has become
ossible Lo measure regional cercbral metabolism for the first

tire in man (10,11). -

{ETHCDE AND MATERIALS
Follcwing insertion of a radial artery catheter under local anes-

thesia, the subjects were made comfortable in the scanner, and

the tead was bositioned securely in a restraining device. The
wzs extencded or flexed to make the orbital-mecatal line per-

2 cu:lar to the horizontal plane. .Each subject received 70~

140 uCi/kg of 18F—DG intravenously as a bolus. Blood samples

vere drawn from the radial artery to monitor the time course of.
he Jaf—DG &nd ¢lucose. Blood was drawn every 15 sec for the
first rinute, every minute until 10 min, every S5 min until 30 mi=n,
aié cvery 15 min until the end of the study. This tissue activizyv
of 1£~—JG was measured using the PLTT III or V tomographic scan

-ner at the Brookhaven National Laboratory and the Hospital of the

€
University of Pennsylvania respectively (13,14). 1In each subject
rultiple tomographic scans were obtained' We mecasured local

cer ‘ekral metabolic rates for g]ucose in a series of volunteefs




subjected to a variety of specific sensory stimuli.

The tactile stinmulus consisted of rapid but light stroking (2 to
3_Hz) of the volar and dorsal surface of the fincers and hand cf
one arm (left, ¥ = 2; right, N = 3) with a hand-held brush, which
wvas just stiff enough to cause an appreciable stimulus without
causing any discomfort. Subjects were blindfolded to eliminate

visual input and wore earplugs to minimize auditory input.

In the visual study, either the left (N = 4) or right (N = 6)
visual hemifield was stimulated so as to ensure only hemifield
stimulation. The stimulus cosisisted of a well-illuminated, slow-
ly moving, high-contrast black-and-white pattern of small lines
zt various orientations as well as abstract color images pre- a

sented into one visual hemifield. The subjects wore earplugs.

The zuditory system was studied in subjects with normal hearing
vho listened to a tape-recorded factual story presented through
carphones to only one ear (left ecar, N = 3; right ear, H = 3).-
~ttentivencess to the story was assessed by testing .the subject's
recall. These subjects were also blindfolded. Six subjects

that were blindfolded and wore carplugs acted as coritrols for ali

the studices.

RESULTS

The somatcsensory input caused the postcentral gyfus contralaterzl
to the stimulus to become metabolically more active (mean *
standard Geviation, 9 % 10.2 percent) than the homologous area in
the ipsilateral cortex. This was not significantly different
from the controls (1 * 6.8 percent, t(9) = 1.5, P < .1). The
ronsignificance is due to the large variance in the control sub-

jects at the level of the postcentral gyrus.

The visual stimulus caused the visual cortex contralteral to the
stimulated hemifield to become 8 + 3.0 percent more active than
the ipsilateral visﬁal cortex. The asymmetry is significant in
comparison with the controls(t(lﬁ) = 4,06, P < .01) who shovwed a
1eft-righ£ asymmetry of only 0.5 # 3,0 percent.,
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The monaurally presented auditory stimulation elevated the meta-
bolic rate in the temporal corte» contralateral to the stimulated

ear. This cortex had a metabolic rate of 7 * 2.5 percent higher

than the ipsilateral Llemporal cortex. This asymmetry is signi-

ficant .in comparison with the controls (t(8) = 6.02, P < .001),

who showed a left right asymmetry of only 1 t 2 percent,

~

These studics represent the first meesurement of functional acti-

vity in vivo in awake man on a regional basis. They dernonstrate

that the 18F—DG techhiqug is capable of providing functional maps.

in response to sensory stimulation. With the use of tomographic

scanners with higher spatial resolution and sensitivity, along

with newer radiopharmaceuticals, it will be possible to obtain

much more extensive information about neural activation with a

variety of stimuli. This will provide invaluable knowledge in

the evaluation of the diseased brain.
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